A link between acute rheumatic fever (ARF) and autoimmune disorders has been postulated. To investigate this relationship. we performed radioimmunoassay measurements of serum neoplerin levels in patients with ARF. Twenty-five young men with ARF were included in our study. Patients were investigated on 3-7 days after the onset of symptoms and on the 30th-35th days after onset. Serum neopterin levels were elevated (>8.7 nmol/L) in 17 out of 25 patients with ARF. Mean neopterin concentration was significantly higher in ARF patients (lO.9± 3.9 nmol/L) compared to healthy controls (5.2± 2.1 nmol/L; p<O.OOI). After treatment of patients .with antibiotics and indometacin, neopterin levels ~ere normal in 16 of 23 patients. There was an association between higher neopterin concentration and development of aortic incompetence eluring follow-up (p<O.05). Also a significant correlation between neopterin and haemoglobin levels was ohserved (R= -0.40. p = 0.(2). The increased neopterin levels indicate enhanced cellular immune activation in patients with ARF. The data suggest that serum neopterin might he a predictive marker of aortic valve lesions in patients with ARF.
Introduction
Acute rheumatic fever (ARF) is an int1ammatory disease which occurs as a delayed sC4uel to pharyngeal infection with group A streptococci (I). This disease remains a major puhlic health prohlem in southeast Asia, Africa and South America (I. 2). In developed countries ARF has almost disappeared hy the 1970s hut resurged in the mid 19805. Outhreaks of ARF have been reported not only in children in Utah. Pennsylvania and California (3.4) . hut also in military recruit camps (5) . Rheumatic int1ammation may he a kind of hyperimmune reaction due to either autoimmunity or to bacterial allergy. All the immunological evidence suggests that the rhe'umatic host is highly hyperimmunized to § Author to whom correspondence should be addressed.
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A sensitive index specific for immune activation is neopterin a side reaction product of the guanosinetriphosphate (GTP)-hiopterin pathway which is produced primarily under control of gamma-interferon (6) . Elevated neopterin levels in serum and lIIine he\\<: heen reported in several acute and chronic inkdio!1~. allograft rejection. autoimmune and malignant di~e,bes (7. ~). NeoPlerin measurements also haw a predi(liyc \alue in these diseases. Recently we fOlI nd neo l'teri n (orKentration to he increased in 5ignitiL'ant l~erLe ntage o f patients with dilated cardiomyopathy (DC\;IP). myocarditis and to he or value to predict disea:;e progression (9.10).
The purposc of this study \\a~ to imcstigale serum neopterin levels and their possible prognostic significance in ARF patients. \lethods Twenty-five patients with acute rheumatic fever \\ ;?re included in our study. All were young soldiers r"rom the Moscow region, the mean age was 19.2± 1.11 years. Clinical diagnosis was based on the re-\ ised Jones· cIiteIia (11). Patients were investigated on 3-, days after the onset of symptoms (l st point) and then on the 30th-35th days after the onset (2nd point). Seven patients had a previous rheumatic history. The migratory polyarthritis was found in 25 patients, erythema marginatum was observed in 4 patients. Chorea and subcutaneous nodules were not found in all the patients. Echocardiographic measurements (M-mode and two-dimensional) and EchoDoppler were used for detection of heart valve lesion. Five patients had mitral insufficiency and two patients from this group also had aortic insufficiency. Bacterial endocarditis in these two cases was excluded. One patient had only one aortic insufficiency and ten patients had mitral prolapse. All patients got antibiotics (penicillin 2-3 million units/day during the first 10 days, then bicillin-5 1.5 million units/week) and anti-inflammatory therapy (indometacin 150 mg/day) duIing 30-35 days from begin of hospitalization. The control group consisted of 24 age-matched healthy volunteers of the same geographic region.
Neopterin levels in serum were determined by radioimmunoassay (1m mutest Neopterin, Henning-Berlin. Germany).
Statistical evaluation of the data was made by Wilcoxon rank sum test chi-square test and paired rank test.
Results
Serum neopterin concentrations In healthy controls were 5.2± 2.1 nm01lL. This result perfectly compares with values obtained from 399 healthy volunteers in Austria (8) . Neopterin levels were elevated in 17 out of 25 (68%) patients with ARF and mean neopterin levels in patients (mean± S.D.: 1O.9 ± 3.9 nm01lL) were higher than those observed in the control group (p<O.OOI) (Fig. 1) . Erythrocy1e sedimentation rate (ESR) was increased in all patients (Table I) .
There was a significant negative correlation hetween duration of ARF (the period between day of onset and day of neopteIin measurement) and neopterin concentration (R = -0.37, p<0.05) and there ex isted some association between higher neopterin Icn~ls and symptoms of carditis (heart valve lesions. Tahle I. Changes of laboratory parameters during tollow-up study. The concentration of haemoglobin \\as -;ignilicantly inversely correlated with the neoptcrin \eYe1 (R = -0.40, p=O.02; Fig. 2 ). Oth~r kahoratory parameters such as ESR CrcactiYe protein and 1cukocyte counts did not signilicantly correlate with neopteIin lewis.
The changes of neoptcrin. haemoglobin. ESR and lcukocY1e Ie\ds during the follow-up study arc summarized in Tahle I. After treatment, 16123 patients had neopterin concentrations within the normal range of healthy controls (Fig. 3) . 
Discussion
The pathogenesis of acute rheumatic fever is associated with an abnormal host immune response either of the humoral or cellular type to streptococcal antigens (12) . In this disease a variety of immunological abnormalities has been described. Our findings show raised neopterin levels in 68% of patients with ARF.
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Increased neopterin levels were described in patients with pulmonary tuberculosis (13), leprosy (14) , staphylococcal pneumonia (15) and especially sepsis (16) . In these clinical conditions a correlation between neopterin levels and the activity of disease was found (8) . From the data it appears that streptococcal antigens stimulate cell-mediated immune response. CD 4 and/ or CD8 T-cells may secrete gammainterferon inducing neopterin production by macrophages.
Interestingly, elevated neopterin levels were observed only in a subgroup of patients whereas ESR was generally increased in patients. Furthermore, no association existed between higher ESR and neopterin !c\'cls which differs from observations made in patients with. e.g .. protracted bacterial infections, in which a signficant correlation between the markers was found (17) . It appears that involvement of cellular immunity takes place only in a subgroup of patients with ARF.
Raised neopterin levels observed in ARF patients during the follow-up study were associated with heart valve lesions. Of particular interest was the observation of a significant correlation between a higher neopterin level and development of aortic incompetence. 8 . Amoils and colleagues found increased expression of class-II antigens of major histocompatibility complex (MHC) on fibroblasts in heart valve tissue from patients with ARE especially aortic valve lesions (18) . As known, MHC class-II antigens play an important role in immunoregulation and antigen presentation. Autoimmunity and viral disease are commonly associated with an increased expression of MHC class-II antigens on targeted tissue induced by gamma-interferon (19) . On the other hand, neopterin is a specific marker of gamma-interferon dependent cell-mediated immune activation (8) and increasing serum neopterin levels may be connected with the expression of MHC antigens (20) . The abberant expression of class-II antigens on libroblasts in the \al\es of patients with ARF may be important in the initiation of the development of heart lesions. Such a process could result in the triggering of an immune response against heart valve tissue, and anti-heart-antibodies have been observed in patients with ARF (21) . The higher neopterin levels in some patients in our study might be connected not only with the group A streptococci but with viruses as well. The proposed viruses include Coxsackie virus, and Coxsackie antigen type 1,4 has been demonstrated within the rheumatic myocardial tissue (22) .
We also found a close association between higher serum neopterin concentrations and lower haemo-globin in the first days of ARF. The reason for this association may be inhibition of erythropoiesis by gamma-interferon and tumor-necrosis-factor-alpha (23) . Decreased haemoglobin correlated with altered iron metabolism and with increased amounts of endogenous gamma-interferon in disorders associated with chronic immune stimulation (23, 24) . Neopterin and haemoglobin concentrations returned to normal in most ARF patients in our study after successful therapy.
In coclusion, neopterin might be a non-invasive diagnostic marker for immune activation in ARF and a possible predictor of aortic valve lesions.
